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The large amount of methane available in the form 
of natural  gas has made the  transformation of the  
same into chloroform an attractive problem. The 
low cost of carbon tetrachloride from other sources, 
along with the  fact t ha t  in the  chlorination of methane 
half of the  halogen goes t o  form hydrogen chloride, 
has made the  formation of the tetrachloride from 
methane less interesting. 

Baskerville and Hamor2 have very completely 
covered the literature on this subject, as well as the 
manufacture of chloroform from materials other t han  
methane. The following references, however, are 
repeated, since they are closely related t o  this article. 
B e r t h e l ~ t , ~  in 18j8, showed tha t  unless t he  reaction 
between chlorine and methane was carried out with 
extreme slowness, explosions and the separation of 
carbon easily resulted. P h i l l i p ~ , ~  in 1893, tried t o  
avoid explosions b y  chlorinating methane, without the  
access of light, in a tube  heated t o  3o0-400~ C., and 
finding tha t  only the first and last chlorides of the 
series were formed in appreciable amounts, he ques- 
tioned5 the  successful chlorination t o  intermediate 
products. Tolloczko,G in 1912, also working in hot 
tubes, obtained results similar t o  Phillips. Walter,’ 
in 1909, states t ha t  water vapor cuts down the speed 
of chlorination considerably, and if the  chlorine is 
added gradually tha t  i t  reacts more readily with the  
partially chlorinated methane than  with the  original 
hydrocarbon, the  result being the highest chlorine 
substitution possible. Baskerville and Riederers cite 
t he  work of Phillips and Walter and seek t o  obtain 
chlorofbrm indirectly by  chlorinating methane t o  the  
tetrachloride and then reducing. They also show 
t h a t  the  blue end of the  visible spectrum is more 
suitable for use in chlorination than  ultraviolet rays. 
G r a d  and Hanschke,gin 1912, state t ha t  the  chlorination 
of ethane in diffused daylight, as carried out by 
SchorIemmer,‘o in 1869, is impractical, since a t  low 
temperatures the  halogen reacts very slowly. 

Thermochemical calculationsll predict a rise of 
over 2oooo C. for the reaction of a mixture of methane 
and chlorine in the  proportions t o  form carbon tetra- 
chloride, provided all the  heat of reaction goes t o  
increase the temperature of t he  reaction products; 

1 Patent applications have been made, covering the work outlined in 
this article. 

*THIS JOURNAL, 4 (1912), 216. 
8 Ann. chim.  phys., [3] 62 (18581, 98. 
4 Ani. Phil. Soc., March l i ,  1893. 
6 .4m. C h e m .  J., 16, 362. 
6 A b h a n d l .  Krakanu.  W i s s . ,  1912; J .  Soc. Chem. I d ,  32 (1913), 742. 
7 German Patent 222,919, November, 1909. 
8 THIS JOURXAL, 5 (1913), 5. 
9 U. S .  Patent 687.454, 
10 Ann.,  150, p. 217. 
11 Using 21,000 as the heat in the formation of carbon tetrachloride. 

(See “Thermochemistry,” Thomsen-Ramsay series, p. 246.) Berthelot and 
Matignon give 68,500 as the heat of formation of carbon tetrachloride, 
which gives a value of over ,3000” C. in the above calculation 

for equal volumes of methane and chlorine, the  rise 
calculated for CH3Cl is over 1700’; for a mixture of 
j vols. methane : I vol. chlorine, .the theoretical rise 
is nearly 600’ so tha t  even with this high dilution 
of the gases, if the reaction were carried out in a tube  
already heated to  400 O, the resulting temperature 
would approximate I O O O O  C. At or above 1000’ C..  
methane and its derivatives will decompose, and 
Phillips st,ates t ha t  he frequently observed the depo- 
sition of carbori inside his heated tube. 

A mixture of 4 vols. of chlorine with I vol. methane, 
the  theoretical proportions t o  form carbon tetra- 
chloride, when exposed t o  direct sunlight in glass tubes 
of small diameter, will not give a violent reaction and 
if the air is cold. the reaction will proceed slowly. 
The gases are so closely in contact with the  tube walls 
t ha t  any  heat liberated is radiated a t  once and the  
temperature cannot rise t o  t h a t  of speedy react:on 
even in direct sunlight. A mixture of chlorine and 
methane, in the  same proportions in a large balloon 
flask and in direct sunlight, will explode with great 
violence. The interior of the gas body, being heat- 
insulated by  the surrounding layers of gas, quickly 
comes u p  t o  the  temperature of speedy reaction and 
then rises suddenly t o  I O O O O  C. or‘ higher, where car- 
bonization begins t o  take place. 

At temperatures even as low as 100’ C., all of the  
chlorine derivatives of methane will remain in the 
vapor state and with chlorine showing a preference 
for the partially chlorinated hydrocarbon, t he  inter- 
mediate compounds cannot easily be obtained. The 
problem, therefore, is t o  obtain a speedy chlorination 
of methane while maintaining an average temperature 
low enough t o  condense out the chloroform before it 
can be chlorinated further. 

At high temperatures no light is necessary t o  induce 
the  reaction between chlorine and  methane. In order 
to  maintain a low temperature, the  amount of free 
chlorine in the  gases a t  any  time must be correspond- 
ingly low, and the  lower the  content of the  chlorine, 
the  stronger the  light necessary t o  induce a speedy 
reaction a t  this low temperature. I t  therefore became 
evident, from a few preliminary experiments, t ha t  the  
successful solution of the problem was partly dc- 
pendent on the  use of a sufficiently powerful light. 
The  “White Flame Arc,” as described by Mot t  and 
Bedford,’ was found t o  be the most satisfactory 
source of light and was used in all of the following 
work. 
I One volume of chlorine in seven volumes of natural 
gas will react quickly in the  presence of light from the  

If reactions 
with fresh quantities of chlorine be repeated, the 
speed of the  reaction finally slows down as the  residual 
gas becomes diluted with chlorine, hydrogen chloride, 
nitrogen, air, etc., until finally no more reaction will 
take place without the  aid of external heat. 

The effect of concentration of free chlorine on the  

White Flame Arc” but  without explosion. 

1 Mott and Bedford, THIS JOURNAL, 8 (1916). 1029. 
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chlorination of methane was studied in the  following 
manner:  Natural  gas was confined in a bell jar over 
water a t  about 20’ C. and  chlorine was added b y  bub- 
bling i t  in through the  water. A uniform mixture 
of the  gases was obtained by shaking the  jar and 
splashing the water. The access of diffused daylight, 
during the  short period, produced little or no reaction 
as long as the  percentage of chlorine in the  gases was 
low. Upon suddenly exposing t o  the  light from the  
“White Flame Arc’’ there was an  instantaneous ex- 
pansion of the  gases, even when the  chlorine content 
was small. After the  reaction, the  water was shaken 
u p  through the  gases, thereby cooling them, removing 
the  hydrogen chloride and condensing such reaction 
products as were liquids at the  temperature of t he  
water. 

Fig. I shows the  results of chlorinating natural  gas, 
while confined over water a t  room temperature,  the  
chlorine being added in increments of either 500, 250, 

or 1 2  j cc. After mixing the  gases, they were exposed 
to  the  light and then cooled by shaking u p  with the  
water. ilfter each cycle of operations, the  volume 
of the  residual gas was noted and its contraction from 
the  original gas volume calculated. Before the  experi- 
ments were started the  water was saturated with 
chlorine and with natural  gas; the  slight increase in 
temperature of the  water, during the  reaction was 
found to  aid.rather than  hinder t he  process. Start ing 
with three liters of natural  gas, there was always an  
unreactive residue of about 2 0 0  cc., showing tha t  about 
2800 cc. would react with the  chlorine under these 
conditions. 

The horizontal dotted lines in Fig. I represent 
percentages of t he  ta ta l  contraction obtained and aid 
in the  s tudy of t he  curves. The vertical dotted lines 
represent volumes of chlorine equal t o  and twice the  
total contraction in gas volume. 
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By the following equations, i t  is shown tha t  the  
greater the  contraction of the  original gas, caused by a 
given amount of chlorine, the  greater will be the  
amount of low boiling constituents in the reaction 
product. 

CH4 + Cla = CHaCl 4- HC1 
1 vol. 1 vol. Absorbed 

vol. C1 causes no contraction from original gas volume 
CHa -I- 2C12 = CHiCla + ZHCl 
1 vol. Condensed Absorbed 

vol. C1 causes 1/i vol. contraction from original gas volume 
CH4 f 3clz = CHCh + 3HC1 
1 vol. Condensed Absorbed 
vol. C1 causes vol. contraction from original gas volume 
CHI + 4C1a = CClr + 4HC1 
1 vol. Condensed Absorbed 

vol. C1 causes 1 / 4  vol. contraction from original gas volume 

I t  therefore becomes evident t ha t  since methyl 
chloride is a gas, a given volume of chlorine should 
not produce a contraction from the  original gas volume 
of more than  one-half t he  volume of the  chlorine added. 
I n  the  curve obtained b y  using 1 2 5  cc. of chlorine a t  a . 
time, this actually took place, 4000 cc. of chlorine 
producing a gas contraction of nearly 2 5 0 0  cc. This 
was evidently due to  the  solution of methyl chloride 
in  water, in which i t  is quite soluble and with which 
the  water had not been saturated, previous to  the  
experiments. 

It is noted from the  curves, t ha t  the reaction of 
I 2 j cc. of chlorine a t  a time, with the  more frequent 
coolings and  the  lower average temperature,  caused 
a greater contraction for the  same amount of chlorine 
than  when z j o  or 500 cc. were added a t  each time. 
Theoretically, therefore, for t he  production of the  
lower chlorides of methane, the  chlorine should be 
added in extremely small increments and the  reaction 
should be complete and the  heat of reaction dissipated 
before the  addition of the  fresh chlorine. This condi- 
tion is closely approximated by the  continuous addition 
of chlorine in the  presence of excessive cooling and  
under the influence of a very powerful light. 

It is t rue tha t  the  presence of ethane in the  natural  
gas, as used, somewhat complicates the  s tudy of the  
curves, bu t  since ethyl chloride is gaseous above I 2 ’  C. 
and the  di-chlor product is easily liquefied, very little 
difference is t o  be expected in the character of the  
lower parts of the  curves. 

These curves also prove tha t  the  lower chlorides of 
methane may be condensed out and removed from the  
field of action before the  tetrachloride is formed, 
1\/Ioreover, the  analysis by distillation, of the  reaction 
product which separated out under the  confining 
water, showed the  liquid to. be about half chloroform. 
A second experiment with the  natural  gas confined 
over water a t  about 80’ C. resulted in a product con- 
taining almost entirely carbon tetrachloride as far as 
the  methane derivatives were concerned. A third 
experiment, using water a t  from IO’ t o  15’ and shaking 
i t  up through the  gases during the  reaction, gave a 
product which consisted of 6 parts of chloroform t o  
every 5 parts of carbon tetrachloride, besides ethane 
chlorides. 

These, along with many other preliminary tests, led 
to  the  following conclusions: 

1-At low temperatures, each of t he  four chlorides 
of methane form in turn from the  preceding member 
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of the  series, chlorine showing a slight preference for 
chlor-metharies over t he  hydrocarbon itself. 

2--The heat liberated by  the  reaction of dilute 
mixtures of methane and chlorine may easily raise 
the  temperature of the  gases t o  the  decomposition 
point where different l a m  govern the reaction. 

3-Efficient cooling will condense the  chloroform 
and remove it from the  field of reaction before it 
chlorinates further. 

4-The lower the  temperature a t  which the reaction 
takes place, the  more actinic the light required t o  main- 
tain the  reaction for a g i x n  concentration of free 
chlorine. 

j--Water does not  hinder the  reaction but  on +he 
contrary speeds it by  removing the reaction products 
and bringing the reacted gases into more intimate 
contact. 

6-The slightest trace of ammonia or similar nitrogen 
compounds stops the reaction until a high concentration 
of free chlorine overpowers the negative catalyst ,  
when a disastrous explosion results. 

I C E  A S  A C O O L I X G  A G E K T  

The a t tempt  t o  obtain better cooling in order to  
prevent entirely the  formation of tetrachloride. finally 
led t o  the  carrying out or’ the  reaction in the inter- 

many trials and variations in the apparatus, the one 
shown in Fig. z solved the  difficulty. 

An %liter, two-neck Woulfe flask, with the bottom 
removed, was placed over a single ice cake chipped t o  
nearly fill the  flask. -1s the ice melted in the top of the  
reaction chamber, the flask settled upon i t  keeping ice 
in the  top of the  chamber where the  cooling is most 
needed, until the bottom of the flask touched the  
bottom of the va t ,  whereupon the ice melted away 
from the  top of the flask and allowed gradual increase 
in the volume as well as in the  temperature of the gas 
above, until carbonization took place. The dotted 
lines show the points of highest temperature as shown 
by  the  melting of the ice. Upon starting the reaction, 
by means of the  TVhite Flame Arc light, with the  
chlorine content of the gases about I in 8 ,  the circula- 
tion was found t o  be rapid and violent. The  gases 
passed upward on the  side next to the light, drawing 
the cold gases from around the ice cake below. The  
ice did not melt on the side of the  light as fast as had 
been expected, due t o  the  high velocity of the gases. 
The addition of fresh and cold chlorine gas a t  the top  
and back of the apparatus aided i n  the downward 
motion a t  the rear, due t o  the high specific gravit,y 
of the chlorine. Fresh gas was added a t  the top  and 
Iront. The reaction was continuous and speedy, the  
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stices between cakes of ice. I t  was predicted tha t  by  
filling the  reaction chamber with cracked ice, we 
should obtain only the di- and tri-substitution prod- 
ucts, since methyl chloride is a gas a t  the  temperature 
of ice and the  others should condense out before form- 
ing the tetrachloride. 

The  first experiment in the  chlorination of methane 
in the  spaces between cracked ice presented the diffi- 
culty of improper gas circulation. The gases directly 
exposed t o  the  light would react a t  once but  further 
action took place only as the  chlorine slowly diffused 
ton-ard the light. The content of chlorine was in- 
creased until with a mixture of 4 vols. chlorine : I vol. 
methane. an explosion resulted, even in the presence 
of ice cakes the size of hen’s eggs or smaller. After 

FLAME. RME 

REACTION PRODUCT 

FIG 4 

amount of the t\ro gases admitted being regulated 
according to  the  height of the  water level below. As 
the gas was chlorinated and condensed the volume 
grew less and more gas was added. When the volume 
continually increased it indicated tha t  either too much 
gas or too little chlorine was being .admitted. A 
balance was easily obtained and the  reaction proceeded 
until the ice had melted too low t o  be effective. I t  
was found tha t  2 . 6  cu. f t .  of natural gas gave 166 cc. of 
reaction product which is equivalent t o  about 17 gal. 
per 1000 cu. ft.  This included the  methylene chloride 
and chloroform dissolved in the water, which were 
separated by  distillation. The methyl chloride in the  
Iyater was not recovered. 

The apparatus shown in Fig. 3 was designed t o  
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prevent the access of light t o  the  large volume of gas 
left in the  top  of the  reaction chamber by the  melting 
of the  ice and also to  furnish a larger supply of ice per 
charge. A I O  in. sewer pipe ‘(tee,” with the  side out- 
let near the  bell end, was supported on three bricks and 
set in a vat of water. The side outlet was closed with 
a circular piece of plate glass sealed in with litharge- 
glycerine cement. The tile was filled with pieces of 
ice the  size of coconuts or larger and the  top closed 
with a wooden lid made gas-tight by rubber coverings. 
After removing the  air b y  suction through an opening 
in the  lid, natural  gas and chlorine were admitted a t  
the same relative points as in Fig. 2 .  The use of 
large pieces of ice left larger spaces between them and 
the  gas circulation was not interfered with. Im-  
mediately after or even during the  reaction, which 
started next to  the  glass, the  gases passed u p  into the  
dark ice chamber above and any reaction product 
higher than  methyl chloride was removed by condensa- 
tion; the  unreacted gas then mixed with a fresh supply 
of chlorine, passed down a t  t he  rear t o  be drawn for- 
ward and upward into the  light for a second reaction. 
The melting of the  ice in the upper par t  of the  tile and 
the  increasing amount of the  gases collecting there, 
in no way interfered with the  reaction or the  circula- 
tion of the gases. The warm gases rose a t  t he  front 
and on being cooled and mixed with the  heavy chlorine, 
they dropped down a t  the  rear only t o  be drawn for- 
ward to  replace the reacted gas in front of the  window. 
A t  first it  was feared tha t  the  ice might deflect the  
light rays upward into the  gas chamber above and 
cause an explosion or a t  least undesirable reactions, 
but  no trouble in this respect was experienced and not 
until the  ice had melted down below the  level of t he  
window was it necessary to  interrupt the  reaction 
t o  supply a fresh charge. 

The capacity of the  tile was found t o  be about 
31/4 cu. i t .  of gas per hr. and  a total of 18.5 cu. ft. gave 
1.1 liters of product having the  following composition 
by volume (percentages). 

Methylene Carbon Ethane 
Chloride Chloroform Tetrachloride Products 

35 .5  47 5 * 4 . 0  13.0 

The reaction is necessarily an  intermittent one as 
all non-reacting gases collect in  the  chamber and must 
be removed from time t o  time. The ice also must be 
replaced but  this  might be accomplished without 
interrupting the  process. 

Fig. 4 shows a large wooden reaction chamber, 
2 8  in. X 2 8  in. X 44 in. inside dimensions, built for 
the  carrying out of the  reaction on a larger scale, and 
duplicating tha t  of Fig. 3 with the  addition of a 
shade for the  covering of the  upper part  of the  glass 
window and with the  sloping of t he  vat  for t he  better 
separation of the  reaction product. Instead of re- 
moving the  air by suction i t  was replaced by running 
in natural  gas for some time before the  admission of the 
chlorine. The wooden apparatus was made gas-tight 
and also protected from the  action of chlorine b y  the  
application of several coats of cellulose acetate dis- 
solved in  methylene chloride or chloroform. It may 
be said here tha t  only very pure methylene chloride 

or chloroform will dissolve cellulose acetate and tha t  
the  reaction product inside of the chamber had very 
little effect on the  coating. 

I n  one experiment using 2jo CU. ft. of natural  gas, 
the rate of consumption varied from 14 to  30 cu. f t .  
per hr. and  several gallons of product resulted. The 
analysis of t he  liquid reaction product separating out 
under water was as follows, percentages being by 
volume : 

Methylene Carbon Ethane 
Chloride Chloroform Tetrachloride Chlorides 

35 35 5 20 

The analysis of the part  soluble in the  water and 
separated by distillation was: 

Methylene Carbon Ethane 
Chloride Chloroform Tetrachloride Chlorides 

61 28 1 5  6 

About 14 per cent of the reaction product dissolves in 
the water produced from the  melting of ice by the  heat 
of t he  reaction. This soluble portion may be entirely 
recovered by distilling off j per cent t o  I O  per cent 
of the  water, the  methane chlorides coming over with the  
distillate, and the  residue being about a j per cent 
solution of hydrochloric acid provided no water has 
been added except t ha t  produced by the  melting of 
ice. About 135 lbs. of ice are necessary for the  pro- 
duction of one gallon of product having the  composition 
as given above and  the  KCl from the  reaction is 
thereby greatly diluted. 

WATER AS T H E  COOLING AGENT 

With the  object of recovering the HC1 in a con- 
centrated form, experiments were made using water 
as the  cooling agent and dripping or spraying i t  through 
the gases during reaction. By repeated use and re- 
cooling of the same water it was hoped tha t  a con- 
centrated acid could be obtained. The reaction pro- 
ceeded as before but  the method was found to  be 
inferior t o  ice cooling for the  following reasons: 

I-The latent heat of melting ice is not available 
when using water as the cooling agent. 

a-Efficient contact between the  water and the  gases 
is necessary but  difficult t o  obtain. 

3-It was found impossible to  obtain strong acid 
and  a t  t he  same time remove all of the  HC1 from the  
gases as fast as i t  was formed. 

4-The ‘use of the water as the  cooling agent greatly 
complicates the  apparatus necessary for t he  reaction. 

REACTION PRODUCTS OTHER T H A N  CHLOROEORM 

Methylene chloride, which can be made in large 
quantities b y  this method, is valuable in  and of itself, 
being an  excellent solvent for cellulose acetate and  
very nearly duplicating the  properties of chloroform 
in every respect. As an anesthetic it is said to  excel 
chloroform because of its higher volatility and lesser 
action on the  heart. The C .  S. Dispensatory, 19th 
edition, says tha t  for anesthesia “it is probable tha t  
methylene chloride has advantages over chloroform, 
but  t he  high price of the pure drug must interfere with 
its use.” 

The greatest value of methylene chloride will prob- 
ably lie in the  production of chloroform. I n  a liquid 
state, methylene chloride is easily transformed into 
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chloroform by passing in chlorine gas assisted by  sun- 
light or even by  the  light from 1 5 0  watt  tungsten 
lamps. The temperature cannot rise above the  boil- 
ing point of the  liquid and  no catalysts are necessary. 
The  formation of carbon tetrachloride is avoided b y  
chlorinating until only about IO per cent of the methyl- 
ene chloride has been reacted upon and then separating 
the chloroform by  distillation. 

Methyl chloride up t o  40 per cent has been found 
in the gases removed from the ice chamber during the  
first few minutes after starting t o  chlorinate natural 
gas. I t  is easily isolated by compression or by solu- 
tion in water or other solvents and this method presents 
a commercial method for its manufacture. I t s  use 
would probably be greatly increased by  the  develop- 
ment of a cheap and easy method of production. 

RESEARCH LABORATORIES 
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THE RELATION BETWEEN THE TOXICITY AND T H E  
VOLATILITY OF CREOSOTE OILS 

By ERXEST BATEMAK 
Received October 18, 1916 

During the  last few years considerable attention has 
been given by various workers on creosote oils and other 
wood preservatives t o  the  question of toxicity. J. M.  
Weiss,' Dean and Humphrey and Flemings3 
and others have accumulated considerable da ta  on 
this subject. 

The  two most important sources of oils used for 
wood preservation are coal t a r  and water-gas ta r .  The  
oils obtained from these by  distillation are usually 
called creosotes or distillates. In the  course of a study 
of the  literature on the  toxicity of these oils the  writer 
was struck by  the  fact t h a t  it depended a great deal 
on the  boiling point, or, more properly speaking, on 
the  volatility of the  oils used, whether or not coal-tar 
creosote was more toxic than  water-gas ta r  distillates. 
For instance, J .  M. ST7eiss showed tha t  American 
creosote ( ; i  per cent distilling a t  270' C.) was slightly 
more toxic than  German creosote (36 per cent dis- 
tilling a t  2 7 0 '  c.) but t ha t  they both were more toxic 
than  water-gas ta r  distillate ( j o  per cent distilling a t  
270' C,). I n  another article he shows tha t  n-ater- 
gas t a r  distillate S o .  2 1  ( j o  per cent distilling a t  
270'  C.) was more toxic than  coal-tar creosote No.  IO 
(8.5 per cent distilling below 2 7 0 '  C.), Dean and 
Downs showed tha t  coal-tar creosotes marked "A" 
(58 per cent distilling a t  300'  C.) and "B" (distillation 
limits not gi\yen) and water-gas t a r  distillate marked 
"C" (78 per cent distilling a t  300'  C. )  had about t he  
same toxicity, while water-gas ta r  distillate marked 
"D" (distillation limits not given) v a s  slightly more 
toxic than  all three.  B u t  all four of above oils were 
more toxic than  expressed anthracene oil (distillation 
limits not given but  certainly much less volatile t han  
the  other oils). Humphrey and Fleming show tha t  
water-gas ta r  distillate No.  2 2 3 5  ( 6 2  per cent dis- 

1 J .  SOC. Chem. ItLd., 30 (1911), 190 and 1348. 
2 Proc. Interitat. Congr. ,499. Chem., 1912. 

Department of Agriculture, Bull. 227; THIS J O U R N A L ,  6 (1914), 
128; 7 (1915), 652 .  

tilling below 2 7  j o  C.)  is much more toxic than  Fraction 
IV coal-tar creosote (4.7 per cent distilling below 
2 7 j "  C.) or Fraction V coal-tar creosote (0 distilling 
below z i j "  C.) and the  carbolineum N o .  1843 (6.1 
per cent distilling below 2 7  j" (2.). On the  other hand, 
they also show tha t  all the  coal-tar produc,ts tested 
were more toxic than  water-gas ta r  distillate No, 
1 x 0 1  (16.3 per cent distilling below 2 7 5 '  C.). 

A study of all of the toxicity da ta  available show 
tha t  out of these apparently conflicting results a very 
definite and logical order can be established if the  
volatility of the  oils in question is coordinated 'with 
their toxicity. I t  is the purpose of this paper t o  show 
this relation. 

For all practical purposes the percentage of oil 
distilling below 2; j' C. is a good measure of t he  com- 
parative volatility of creosote oi1.l This point has 
been taken as a measure of the  volatility of the  creosotes 
and a curve has been plotted using this figure as one 
coordinate and the  killing point against Fomes annosus 
(Humphrey and Fleming) as the  other coordinate. 
,4s a result, two curves are obtained-one for coal-tar 
creosote and the  other for water-gas ta r  distillates. 
These are shown in the  accompanying cut.  Data  
from other sources could not be included because 
different organisms have a somewhat different action. 
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A careful s tudy  of tests using other organisms, how- 
ever, shows tha t  the  general finding is the same, al- 
though the  numerical values may be quite different. 

The  accuracy of these curves ha5 been proved in a 
measure in the  following manner:' Creosotes whose 
toxicity has not hitherto been tested rrere analyzed 
and their toxicity mas predicted from their T olatility, 
with the following results: 

Kinds of 
Creosote 

KILLING 
(As estimated 

from curvej 
Coal-tar oil No. 1..  . . . . . . . . . . . . . . . . . . .  0.670 
Coal-tar oil No. 2 . .  . . . . . . . . . . . . . . . . . . .  0 . 7 5 %  
Coal-tar oil No. 3 . .  . . . . . . . . . . . . . . . . . . .  1 .O% 
Water-gas tar oil h-0 1 . .  . . . . . . . . . . . . . .  17 ,0yO 

POIKT 
(As determined 

bv test) 

The  above indicates t ha t  the  killing point can be de- 
termined as accurately from a consideration of t he  
distillation as i t  can be from toxicity tests, provided 
tha t  the  authenticity of the  oil is without question. 
The cur\-es are of considerable interest aside from 
merely predicting the toxicity. They suggest-Jirst, 
a possible method of determining the purity of oils, 
perhaps by  some short test as the Rideal-Walker test  
on the  high boiiing fractions; and s c c o u d :  t ha t  much 

1 See Forest Service, Circ. li2. 
2 M y  thanks are due to  Miss Ruby Tiller and LIrs. Ruth  Fleming, 

Bssistants in Pathology, Bureau of Plant Industry, of this laboratory, for 
supplying me with the data on toxicity which were necessary to  prove the 
correctness of the relationship here shown 


